3 4
R-code for all the analyses are uploaded to Dryad, and details are provided in the number of matings at 15 minutes as the dependent variable and line, temperature and their 2 5 0 interaction as independent dependent factors. In this analysis, line and temperature were also 2 5 1 both treated as categorical factors. We additionally performed a repeated measures analysis on the hemiclonal lines using the R-
package 'nlme' (Pinheiro et al. 2016) . We used the number of matings as the dependent counts over each vial.
6 0
The two-way interaction between line and temperature treatment in these tests, should reflect 2 6 1 the magnitude and possible statistical significance of genotype-by-environment interaction 2 6 2 with respect to thermal plasticity for male mating rate. Significant line-by-temperature mating success at different temperatures. Finally, we performed a power analysis simulation to quantify the minimum amount of 2 6 7 genetic variation in thermal reaction norms that we would be able to detect an effect in the 30
hemi-clonal lines, and using a given sample size (R-code for this simulation will be provided 2 6 9 on Dryad). To analysis variation in heating rate, we performed a two-way analysis of variance (Table S1 ). We found significant variation in mating rates and locomotory performance among lines,
using both the hemi-clonal and the pure DGRP lines (Tables 1-4 , S1, S2, S3; Fig. 1 ). As
expected, all lines of both hemi-clonal and pure DGRP experimental categories responded
plastically to the different temperature treatments (Fig. 2 ). Male mating rates and locomotory 2 8 0 performance were significantly affected by temperature (Fig 2) . For all of our statistical analyses, and for neither the hemi-clonal nor the pure DGRP assays,
we did not find any statistically significant interaction between line and temperature, that
would be indicative of GEI:s ( Fig. 1 ; Tables 1-3, S1, S2, S3) . Moreover, we were not able to 2 8 5
find any evidence for a statistically significant interaction between line and the squared 2 8 6 temperature component ( the DGRP-lines were not evaluated under the extreme treatment (36 °C; see Fig. 1 ). However,
note that the relationship between male mating success and temperature was often quite flat in
the range between 18 and 24 °C, after which it dropped (Fig. 1) . Taken together, these results 2 9 7
suggest a genetically quite invariant intermediate temperature optimum and more or less flat 2 9 8 fitness peak around 24 °C (Fig. 2) . Thus, we found no evidence for any statistically significant difference between genotypes in the location of this fitness optimum and neither any evidence
for different slopes of the thermal response curves or their curvatures (Table 3) . Using our statistical power simulation we were able to put a minimum bound on the genetic 3 0 3 variation in thermal plasticity (variation in the effect of our Line x Temp interaction) (Fig. 3) .
The main conclusion from these simulations is that our statistical power is high enough under realistic parameter values, meaning that we should have detected a large GEI:s if they had temperature as a categorical variable) (Fig. 3) DGRP and hemi-clonal males (Fig. 4) . In the analysis of heating rates using thermal imaging, we found significant variation among for thermal reaction norm slopes in these heating rates have no counterpart in the behavioural physiological traits are from the genes that govern phenotypic traits (Price and Schluter 1991),
hence genetic variation on these grounds expected to be lower for such higher-level traits,
such as mating rate and locomotory performance. Overall, and across all lines, male mating success was maximal at 24 °C (DGRP-lines) or at
either 24 °C or 30 °C ( Fig. 2) , with a few exceptions ( Fig. 1 ). This suggests that the thermal evolutionary potential for thermal plasticity with respect to male mating success, they are These DGRP lines were derived from field-caught flies and variation among these lines
should reflect naturally segregating genetic variation in the source population (Mackay et al.
2012). Using a statistical power simulation ( Fig. 3 ), we were able to put a minimum bound on 3 6 6 the amount of variation in reaction norms in our clonal lines. The line effect had a standard 3 6 7 deviation of < 0.5, which implies that variation in mating rate was at a maximum less than optimal temperature condition (24 o C) to extreme temperature condition (36 o C), we conclude
that the standard deviation in slopes is likely < 0.01. This effect covers only about 4% of the 4%, Residual = 5%). This means that lines varied less than around ±0.008 matings (in 10 min)
per 1 o C (Fig. 3 ). Whether this low amount of variation in thermal reaction norms would allow
for evolution of adaptive phenotypic plasticity is an open question and depends on several other ecological and evolutionary factors, including population size, the strength of selection,
the rate of environmental change, generation time, and intrinsic rate of increase (Hoffmann are minimum effect sizes, and the true amount of genetic variation in thermal plasticity might 3 7 9 be considerably lower.
One concern is that mating rate is the product of the behaviour of multiple individuals
interacting, so it is not only the male's behaviour that matters, but also the female's males from other DGRP-lines. A second concern is that it is the additive genetic variation that same half-genome, so any epistatic effects arising from interactions between chromosomes 3 8 7
within the DGRP half will also be included. Our experimental design is for these reasons
conservative with respect to our ability to detect significant GEI:s, since the line-effects will 3 8 9
partly also include non-additive effects. Additionally, there might exist variation in latency to 3 9 0 mate after a disturbance between lines, and this might be of some concern. However, any 3 9 1 differences in willingness to mate after disturbance will be captured by the line effect in our interaction between the latency to mate and temperature treatment. For the hemi-clonal lines, epistatic effects would not be included by the line factor, since our
starting iso-genetic lines (30) were homozygous at all loci. Thus, epistatic interactions with should therefore expect reduce the additive genetic variance fraction for male mating success, lines (Fig. 4) . This interpretation of high epistatic variance for male mating success in these unlikely to evolve, as the genetic variation in thermal reaction norms is limited (Fig. 3) . Some Our results also agree with other research in this area showing that evolutionary responses to (Fig 2) . Insights from studies of niche 4 4 2 conservatism also suggests that it might be difficult for many species to evolve new The capacity of natural populations of Drosophila melanogaster to adapt evolutionarily (i.e. were not able to detect any significant genetic variation in thermal reaction norms to different 4 6 7 thermal environments in either the DGRP-lines or the hemi-clonal lines. However, we were known and line-differences can attributed to genetic differences without the need for complex exists, but this variation might depend on temperatures experienced during the larval pronounced among juveniles, and that strong selection during these earlier life stages might
have reduced additive genetic variance in thermal reaction norms that could be detected
during the adult stage (cf. Martinossi-Allibert et al. 2016) . In the present study, we were not 4 7 9
able to detect any significant genetic variation in thermal plasticity in adult male mating lines vary in mean mating rates and locomotory performance (intercepts), but variation
between lines in thermal reaction norms (slopes) is low (Fig. 1) . Hence, there is no evidence 4 9 8 for significant genetic variation in the thermal reaction norms (Fig. 1) . Each data point 4 9 9
represents the mean performance of each line at each temperature treatment. C), we found that the standard deviation in slope is likely to be < 0.01 for the hemi-clonal for the pure clonal lines. This means that the variation in mating rate is maximally < 0.01
matings for a given temperature. These are minimum effect sizes, and the true variation in
thermal plasticity is likely to be lower. R-code for these power simulations are provided on
Dryad. Each data point represents 1000 simulations (hemi-clonal: n = 7 and pure-clonal: n = 3
replicates per line n = 30). temperature treatment, i.e. the total number of datapoints in this graph is 84). The "random"
Lhm genetic background in our hemi-clonal lines likely has a large effect on mating rate, pure-clonal lines will only share the additive effects of their genotypes. then allowed to recover at room temperature for 30 seconds. Two experimental blocks were
performed of these same 10 DGRP lines. Thermal images were taken every 5 seconds.
3 1
Heating rate was significantly variable between lines in block 1 but not in block 2 (Table 5) . Figures and Tables   5  3  8   Table 1 . Analysis of variance (ANOVA) for the mating rate in hemi-clonal males. Line (N=30) and temperature (N=4; 18,24,30,36 °C) were both treated as categorical factors. We of a GEI and reveal significant genetic variation (greater than zero) in plasticity in our hemi-
clonal males. Block is a categorical factor (N=2), which controls for differences in the two rate is treated as a proportion. (N=30) is treated as a categorical factor and temperature is treated as a continuous variable. The quadratic effect of temperature (Temp 2 ) allows the model to detect any curvature in the
reaction of mating rate to temperature. We used the first observation time at 10 minutes to
avoid double counting matings at the next observation time 20 minutes. Here, a significant
Line x Temp interaction would be indicative of a GEI, and indicate significant genetic variation (greater than zero) in plasticity in our hemi-clonal males. Block is a categorical factor (N=2), which controls for differences in the two experimental runs. is the speed (mm/seconds) of the fastest hemiclonal male (7 per vial) to walk up the side of 5 9 2 the vial (repeated 3 times for each line) at the different experimental temperatures. We factors. Here, a significant Line x Time interaction would be indicative of significant variation in this interpretation. Block is a categorical factor (N=2), which controls for differences in the two experimental runs. 
